1/ 



10 



\ 



13 

,A____, 

i COMPUTER 



14- 



15- 



16- 



17 



MEMORY 



PROCESSOR 



COMPRESSOR/ 
ENCODER 



OUTPUT BIT 
COMPILER 



20 



TRANSMISSION 
MEDIUM 



DECODER 



PROCESSOR 



L____:z_. \ J 



RECEIVER 
19 



18 



21 



VIDEO 
.CAMERA 




22 
A 



JIMAGE7 



11 



FIG. 1 



2//7 




FIG. 2 



3//y 



INITIALIZE 



GO TO EACH BIT PLANE b 
FROM bn,3^ TO b^i. 



FIND EACH TREE-LESS COEFFICIENT v 
ENCODE_BIT (v,b) 



FIND EACH TREE-ROOT COEFFICIENT v 
ENCODE_TREE (v.b) 



FIG. 3a 



ENCODE_BIT (v.b) 




r 


OUTPUT BIT b OF V 


1 


f 



IF B{v) 



OUTPUT SIGNUM (v) 



FIG. 3b 



4/ l^f 



FROM 
TRANSMISSION 
MEDIUM 



RECEIVE ENCODED 
BIT STREAM 



TRAVERSE TREE-LESS NODES AND 
TREE-ROOTS IN PREDETERMINED ORDER 



GO TO FIRST SUB-TREE, 
DECODE ONE NODE AT A TIME 



WRITE NODE VALUE 
TO IMAGE BUFFER 



DOES SUB-TREE 
HAVE ANY MORE BITS ?, 



NO 



SAVE NODE READINGS 
II4CLUDING ZEROED 
SUB-TREES 



YES 



GO TO NEXT NODE 
AND RETURN 



WRITE TO 
IMAGE BUFFER 



FIG. 4 




16 



BIT 

ENCODER 



BITS FOR BIT-PLANE 
b, NODEv 



BITS CORRESPOND 
TO COEFFICiENT VALUE v, AND 
V WAS ACTIVE IN b - 1 



B(v) > b 



STORE BITS 
IN QUEUE > I 



1 


T 

r 


STORE BITS 
IN QUEUE Z 



STORE BITS 
IN QUEUE 3 



DRAIN QUEUES IN ORDER: 1,2,3 
UNTIL MAXIMUM BIT COUNT REACHED 



TO TRANSMISSION 
MEDIUM 18 



POST PROCESSOR BIT RE-ORDERING 



FIG. 5 



6//7 




ENCODED BITS 



THE ORIGINATING NODE OF BITS IN THE ENCODER 
BIT-STREAM OUTPUT AS A FUNCTION OF BIT-PLANE 
AND BIT NUMBER FOR THE REFERENCE 



FIG. 6 




01 02 03 C4 05 06 07 08 09 C10C11C12 013 014015 016 

>■ ► 



TRAVERSE BY "SIBLINGS FIRST, THEN SUB-TREES" 



FIG. 7 



in 







o 




a: CM 


U. 








o 


m 


ECT 


LANl 


-J 
_j 


CL 


Ob 
O m 


h- 




CQ 




i 








00 

O 



LU £0 
PHb 



LU 



8//7 





BOTH 


756x512 


1920x1088 




AVERAGE DIFFERENCE 


0.38 


0.55 


0.34 


DB 


STD DEVIATION 


0.17 


0.09 


0.16 


DB 


MAX 


0.72 


0.72 


0.62 


DB 


MIN 


0.01 


0.46 


0.01 


DB 



COMPARISON OF PSNR VALUES ACHIEVED BY THE 
SPIHT AND LIFTS REFERENCE ALGORITHMS 



FIG. 9 



-f 2 



4 



>2o 



Node 
activation 



Sub-tree 
activation 



Bit-plane Node 
bits 



B(y) 



1 



^1 

bits 



1 . sign 
b 



1* Q 

0 

llllSlt ^ 



^2 

bits 



Child Node 
activation 

Child Sub-tree 
activation 



Fig. la 




13 



11 9 7 

Ending bit-plane 



/a/;7 



Generic coefficient 4-tup(e: 



V4 



Corresponding Bi(V,) Bi(Vi) Bi(V2) B^(y^) Bi{V4) 



MSD 



"MSD" = most significant 

digit index encoder 
(4 bits) 



MSD 



MSD 



MAX 
SELECTOR 



MSD 



r f 



\ r 



MAX 
SELECTOR 



1 1 

Functional Equivalent of Each Stage of Significance. Extraction Logic. 



Increment 
is 

0.1.2.3 or 4 




Combinational 
Logic to 
Generate 
Increments 



Increment 
is 

0,1.2.3 or 4 



r 



Increment 
is 

0,1,2,3 or 4 1 



C1 Accumulator 

1 I— 



Adder 



02 Accumulator 



Adder 
1 



1 — 5 



015 Accumulator 

I— 



Adder 



NOTATION: 



B(v): 4-bit index of most 
significant "1 " in node V 

B^(v): MaxBM among all 
children of v 

B2 (v): Ud».B(v) among all 
"grandchildren" 

B. (p). Bp Tp^/con-esponding 
parameters for parent node, 
P, of V. 



Total Bit Count 
Accumulator 



Adder 

L 



(After Wavelet Transform is completed, C(k) accumulators 
are added to ""Total Bit count Accumulator" sequentially until 
total exceeds budgeted threshold. That identifies last bit plane) 



Logic to Histogram and Threshold Bit Counts by Bit Plane 



Node 
bits 



bits 



B2 
bits 



c 

01 
O 

o 



sign 



LIP bits 



-*■ LiS^ bits 



1 ^ — ^ ►LlSgbits 



c 
m 

ru 
m 

o 



Figure 16 



■> LSP bits 



Mil 



initialize 



receive digital data representing object 



perform Wavelet transform 




count bits of node v 
contained in each 
bit-plane 



count Bi(v)bits= magnitude 
of Wavelet transform coefficients 
associated with all descendents of 
node V contained in each bit-plane 




count B2(v) bits= magnitude 
of Wavelet transform coefficients 
associated with all grandchildren and 
their descendents of node v contained 
in each bit-plane 



set titte traversal and node 
seleetion criteria 



set stopping criterion |_ 




to select node v (Fig. 1 8) 



to emit node v's bits (Fig. 19) 



to choose bits (Fig. 20) 




from tree traversal and node selection criteria 



Oi 

m 
m 

e 

0 
yi 
O 

O 




To emit bits"J ^ ^ i C\ , ' ^ 




T Figure 19 



Choose bits 



From -u, B^(t>), B^{v} counts 

Value bit-stream to choose bits 
Signum bit-stream to choose bits 
B, bit-stream to choose bits 



stopping 



criteron 



Accumulate bits 

stopping production of 
unneeded bits on reaching 
stopping criterion 



go to all nodes traversed state 
(Fig. 17) 



► Output bit-stream 



Figure 20 



